Client/Matter No. 11371-125 



REMARKS 



The changes are shown with strikethrough for deleted matter and underlining for 
added matter. No new matter has been added as a result of this amendment. Applicants 
respectfully submit that all of the pending claims are in condition for allowance and seek 
an early allowance thereof If for any reason the Examiner is unable to allow the 
application in the next Office Action and believes that a telephone interview would be 
helpful to resolve any remaining issues, he' is respectfully requested to contact the 
undersigned attorney or agent. 



Respectfully submitted. 




Craig A. Summerfield 
Registration No. 37,947 
Attomey for Applicants 



BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 



7 



r 



^0/588556 

IAP11 Rec'dPCT/PTO 04 AUG 200f 



Substitute Specification - marked up version 



Our Case No. 11371/125 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR UNITED STATES LETTERS PATENT 



INVENTOR: 



Josef Deuringer 
Richard Eichhom 
Lars Lauer 
Gerd Morsberger 
Paul Poiinath 
Roland Rabe 



TITLE: 



Housing Comprising a Liquid-Tight 
Electric Bushing 



ATTORNEY: 



Craig A. Summerfleld 

BRINKS HOFER GILSON & LIONE 

P.O. BOX 10395 

CHICAGO. ILLINOIS 60610 

(312) 321-4726 



2 



10/588556 

IAP11 Rec^d PCT/PTO 04 AUG 200^ 

Substitute Specification - marked up version 

HOUSEVG COMPMSING A LIQUID-TIGHT ELECTRIC BUSHING 

[0001] The present patent document is a continuation of PCT Application Serial 
Number PCT/EP2004/053712. filed December 27, 2004, designating the United 
States, which is hereby incorporated by reference, 

Background BACKGROUND 

Field 

[0002] The invention relat e s to a The present embodiments relate to a housing 
having a liquid-tight electric bushing. , as gonorically defined by the preamble to 
claim 1. 

Related Art 

[0003] Th e inv e ntion relat e s in particular to housings of X ray e mitt e rs. I n the 
X-ray emitters Icnown from the prior art , an X-ray tube is received in a housing. _FeF 
cooling the X ray tube, coolan t During the operation of the X-ray tube, coolant oil is 
circulated through the housing at an overpressure to cool the X-ray tube- . El e ctric 
Electric lines for triggering and monitoring the X-ray tube are guided through the 
housing wall by m e ans of a closure whieh -that closes an opening in the housing4ft 
liquid tight fashion . .Esp e cially b e caus e of th e prop e rties of the coolant oil, it 
r e peat e dly happ e ns in practic e that cooling c Coolant oil cr ee ps flows to the outside 
of the housing via a teng^contact pins that are cast int e grally disposed in the closure 
and emerges in an unwanted way on the outside of the housing. _Asid e from this, th e 
production of c Conventional closures involves relatively great effo rt to produce, and 
thus : they are expensive. There is a need for a housing with improved tightness and 
a simplistic design. 

Summorv SUMMARY 
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[0004] — It is th e obj e ct of tho invention to oliminat e th e disadvantag e s of th e prior 
art. In particular, an electric bushing for a housing is to b e disclos e d that can b e 
produc e d as simply and e conomically as possibl e and that has improv e d tightness. 
This object is attained by the charact e ristics of claim 1. Exp e dient features will 
b e com e appar e nt from th e charact e ristics of claims 2 through 28. 
[0005] -[0004] The present embodiments are directed to a housing comprising 
a liquid-tight electric bushing, which may obviate one or more of the problems due 
to the limitations and disadvantages of the related art. 

{0005] housing having a liquid-tight electric bushing comprises an opening 

and a printed circuit board. In accordance with th e inv e ntion, it is provid e d that the 
closur e is T hea printed circuit boar d (pcb) is a closure that comprises at least first 
and second layers, embodi e d in multipl e lay e rs. Using a print e d circuit board malc e s 
it po s sibl e to produce an el e ctric bushing for a housing simply and e cononomically. 
[0005] Advantag e ously, th e Th ^printed circuit board is mounted on tho housing 
in such a way that a first lay e r, pointing layer points toward the-a.housing interior 
and forming forms a top side of the printed circuit board, which spans the opening. 
B e caus e th e printed circuit board is mount e d on th e housing in such a way that a 
first lay e r, pointing toward th e housing interior and forming a top sid e of th e printed 
circuit board, spans the opening, cr e eping The printed circuit board prevents the 
flowing of a liquid received in the housing to the outside of the housing and 
provides a closure with improved tightness, through th e print e d circuit board is 
pr e v e nt e d s e cur e ly and reliably. The propos e d closure has improv e d tightn e ss. 
[00061 A dvantag e ously , at l e ast on eA first contact element is provided on the 
top side-^The first contact element s e rv e s to conn e c t is coupled to at least one 
electric line received in the housing-^The first layer is e xp e di e ntly p roduced from 
an electrical insulation material. It is thus Thus, assured that t he closure is 
electrically insulated from the housing. 
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[0007] The first contact element is disposed through a blind bore in the first 
layer and extends to at least the second layer. The bore contributes to preventing 
liquid received in the housing from flowing transversely through the layers of the 
printed circuit board. 

[00081 In a furth e r f e ature in another embodiment , the first contact element is 
connected e l e ctrically to a second contact element via at l e ast on ea conductor track, 
which is g uided in the interior of the printed circuit board and forming forms a 
second layer-^ For contacting tTh e first contact e lem e nt is disposed through a 
blind bor e r e aching through in th e first lay e r and e xtending ext e nds to at as far as 
th e l e ost the s e cond lay e r is advantag e ously provid e d. Th e provision of a blind b^ e 
contributes to pr e v e nting th e liquid rec e iv e d in th e housing from b e ing able to 
crc o pflowing transv e rs e ly through the layers of th e print e d circuit board. 
[00091 The second contact element is provid e d disposed on an underside locat e d 
that is opposite the top side . Howev e r, it and also bo extended to th e outside extend s 
outside at-an edge of the printed circuit board. 

[00071 TOO 101 In a fiarthor foatur o ln another embodiment it is provid e d that 
the printed circuit board is flexibler-. This malc e s Thus, simple adaptation is 
possible, for instanc e example, to non plane geometries of the openin g that are not 
planar . 

[00081 [00111 A dvantagoouGlv. t The printed circuit board has a plurality of 
second layers of conductor tracks disposed one above the other. , locat e d one above 
the oth e r, of conductor tracks. In this case, the first contact element and the second 
contact element may be connected via a plurality of conductor tracks, locat e d on e 
above the oth e r which are disposed one above thee other and are electrically 
conn e cte d coupled to each othe r to on e anoth e r e l e ctrically conductiv e ly . In this 
embodiment, the housing is liquid tigh t Tightn e ss under extreme load s can thus be 
assur e d . 
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[00091 f00121 In a furth e r foatur o ln another embodiment it is provid e d that a 
seal is provided between the printed circuit board and the housing. Moreover, a 
pressure plate contactsing the underside of the printed circuit board and may be 
provided for pr e ssin g presses the printed circuit board against the sea l which can 
simplify assembly - Such a prosGuro plat o makes simpl e ass e mbly por i r.ihl e . B e riider, 
this^ Because the printed circuit board can additionally b o is mechanically stabilized^, 
the housing is protected against m e chanically , for instance example, against an 
overpressure pr e vailing present in the housing. 

[00101 [00131 The proposed e lectric bushing is fundam e ntallv present 
embodiments are suitable for many types of housings that are filled with a liquidL- 
for_Eexample ^s that can be considered are motor housings and gearboxes, reactors 
for p e rfor min gthat perform chemical reactions, and the housings of heating and 
cooling systems ^, and the lik e . In particular, t The proposed electric bushing is also 
suitable for producing an X-ray device . _In thatthis case, an X-ray tube is received 
disposed in the housing. 

room [00141 A Iso In ln accordance with the inv e ntion preferred 
embodiments , the us e of a a method of using a printed circuit board as a closure for 
liquid-tight closing of an opening -, which is p rovided in a housin g housing. and as an 
electric bushing is contomplate d provided . 

[00121 [00151 With regard to the advantageous embodiment of the 
usemethod, the aforementioned characteristics are referr e d to, which can logically 
likewis e form embodiments of the usemethod. 

[0017] Ex e mplary e mbodim e nts of th e inv e ntion will b e d e scrib e d below in 

further detail in conjunction with the drawings. Shown are: 
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Brief Description of the Drawings BRIEF DESCRIPTION OF THE 
DRAWINGS 

[0016] Further advantages, characteristics and details will become apparent from 
the ensuing exemplary embodiments and from the drawings. In the drawings: 
fOOlSI [00171 F igure:r4 T 1 is a sectional view through of a first exemplary 
embodiment; and 

[00191 [00181 Fig -ure 2t is_a sectional view through of a second exemplary 
embodiment. 

Detailed Dcseription of the Presently Preferred 
Embodiments DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERED EMBODIMENTS 

[00201 [00191 In the first exemplary embodiment shown in FigurcT 1, a 
housing 1 has an opening 2. A printed circuit board 3 has a first layer 4, made from 
an electrical insulation material, which points toward the interior of the housing I 
and spans the opening 2. The first layer 4 forms a top side O of the printed circuit 
board 3. In the interior of the printed circuit board 3, in an arrang e ment one above 
th e oth e r, a plurality of electrically conductive second layers 5 are provide d in an 
arrangement one above the other.? The second layers Sw ^aeh- are electrically 
conductiv e lv connected c oupled to one another via a bridge 6. For example, T the 
second layers 5 ar e e xp e di e ntly likewise conductor tracks. .An underside U of the 
printed circuit board 3, which is opposite the top side O, is formed of a third layer 
which that is again-made from an electrical insulation material. _A first blind bore 8 
is provided in the first layer 4, and a second blind bore 9 is provided in the third 
layer 7. .A first contact element 1 0 is mounted on the top side 04 s and conn e ct e d 
connects electrically conductively to the second layer 5 by m e ans of a first 
connection 1 1 that is guided by the first bliftd-bore 8. _A second electrical contact 
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element 12 provided on the underside U is also connected electrically conductively 
to the second layer 5 by m e ans of a second connection 13 guided by the second 
blind bore 9. _The first contact element 10 and the second contact element 12 are 
preferably mounted by SMD (surface mounted device) technology on the printed 
circuit board 3. 

[00211 [0020] As shown in Figure L Aa pressure plate 14 is mounted on the 
housing 1 by m e ans of a screw or screws i5-^The pressure plate 14 rests on the 
underside U of the printed circuit board 3 and presses the topside opposit e th e 
underside U, against an O-ring seal 16 -. In this embodiment ^ fhethe pressure plate 
14 is preferably e mbodied such that it spans a substantial portion of the opening 2 
and thus stabilizes the printed circuit board 3 against liquid overpressure prevailing 
present in the housing 1 . 

[00221 [00211 In the exemplary embodiment shown in Figurev 2, the printed 
circuit board 3 is retained on the housing 1 by means of a cap 17. Jn this 
ease embodiment a portion of the printed circuit board 3 protrudes laterally out of 
the housingJ_. Jnstead of th e s e cond contact element 12, t The second layer 5 has a 
bent-over portion 18 on fee -the edge that is oxtondod e xtends out of the housing 1-, 
This malces In this embodiment, it possible to produce a n electrical connection with 
the second layer 5 by . for instance example, b v-snapping a suitable flat plug onto the 
portion of the printed circuit board 3 that protrudes laterally from the housingJ_. 
[00231 -[00221 As can be seen from Figuressr 1 and 2, the opening 2 in e ach 
cas e is spanned by the first layer 4 of the printed circuit board 3. Only i ln the first 
layer 4^ is-a first blind bore 8 is provided , whic h that extends as far as thc at least to 
the second layer 5. In particular, the Because the printed circuit board 3 has no 
continuous op e ning whatever. As a cons e qu e nc e , cr ee pin g opening, flowing of 
coolant oil , for instanc e , along such continuous into a continuous openings of the 
kind used in the prior art is s e cur e ly and r e liably prevented- ^The proposed e l e ctric 
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bushing can be roalizod simply and oconomically, using multi layer print e d circuit 
boards made by conventional t e chniques. 

[0023] While the invention has been described above by reference to various 
embodiments, it should be understood that many changes and modifications can be 
made without departing from the scope of the invention. It is therefore intended that 
the foregoing detailed description be regarded as illustrative rather than limiting, 
and that it be understood that it is the following claims, including all equivalents, 
that are intended to define the spirit and scope of this invention. 
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Abstrac t ABSTRACT 

[00211 100241 T h e invontion rolatos to a A housing comprising a liquid-tight 
electric bushin g is provided- According to the inv e ntion, a passag Q (2) that ir, 
provid e d in the housing (1) is s e alod by a seal that cov e rs th e e l e ctric bushing. To 
improv e th e impormeabilit>% a multi layer printed circuit board (3) constitutes the 
seat ^The housing comprises an opening and a printed circuit board comprising at 
least first and second layers-. The first layer is a top side of the printed circuit 
board and spans the opening. A first contact element is disposed on the top side and 
in a blind bore through the first layer that extends to the second layer-. The second 
layer is a conductor track in the interior of the printed circuit board. 
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